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ANALYZING PERIVASCULAR COLLAGEN IV DENSITIES AND  
COGNITIVE DECLINE IN HYPERTENSIVE RHESUS MACAQUES 
ALEXANDER LOBO 
ABSTRACT 
 Cognitive decline is one of the most common symptoms from neuropathology as 
well as a part of natural aging. While there may be a number of factors that contribute to 
age-related cognitive decline, previous research has shed a light on the role of chronic 
hypertension. The effect of hypertension on cognitive decline through small vessel 
disease is referred to as Vascular Cognitive Impairment and Dementia (VCID). However, 
the exact molecular pathology behind VCID is not very well understood. Using a non-
human primate model of hypertensive aging with the Macaca mulatta, (more commonly 
known as the Rhesus Macaque) this project builds on previous research implicating 
collagen IV as part of the cascade of molecular changes that occur in VCID.  
This project evaluated collagen IV thickness around blood vessels in the corpus 
callosum and cingulum bundle of normotensive and hypertensive monkeys. as well as 
determined vessel properties such as total vessel area and perimeter length to evaluate the 
relationship to scores from the subjects cognitive testing batteries.  The results from this 
project will allow for an examination of the effects on hypertension on vascular 
properties and possible mechanisms for the development of cognitive impairments.  
Data collected from this research shows significant differences of collagen IV 
thickness in the Corpus Callosum between hypertensive and normotensive groups. 





collagen IV thickness is trending towards significance. The relationship between average 
collagen IV densities, blood pressure at perfusion, and cognitive testing scores also 
showed trending relationships in both the cingulum bundle and the corpus callosum. 
These results demonstrate how prolonged hypertension can negatively influence 
cognitive abilities and implicates increases in collagen IV around small vessels in white 
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Hypertension or chronic high blood pressure is a medical condition that effects 
nearly three million Americans yearly (Mayo Clinic, 2012). Annually, the United States 
spends an estimated $131 billion in hypertension related health care treatments (Echouffo 
et al., 2017) While temporarily elevated blood pressure is natural in marinating the 
homeostasis between amount of blood pumped by the heart and resistance to flow in your 
arteries hypertension occurs from long sustained periods of this elevated pressure. This 
can lead to both vascular damage of the heart and the nervous system as well (Berry et 
al., 2019).  
While chronic hypertension can have a long list of negative health effects that 
impact multiple systems throughout the body, one of the most harmful comes from the 
development of small vessel disease or SVD.  Though SVD is commonly associated with 
cardiovascular health due to the staggering rate of heart disease, it also has the potential 
to influence neurovasulature such as small cerebral vessels (Berrt et al., 2019). By 
keeping these small vessels under increasing pressure, SVD manifests its influence by 
leading to thickened vessel walls and deterioration of the smooth muscle surrounding it 
(NHLBI). Left unchecked and untreated sever SVD can eventually lead to cognitive 
impairment. This is referred to as vascular cognitive impairment and dementia or VCID 




Cognitive impairment can also be caused by both neurodegenerative disease and 
natural aging. Executive function can best be understood as the skills or abilities that 
allow understanding of context-reward shifts, common and repeated factors, and the 
ability to comprehend a change in reward based associations (Moss et al., 2007; Menzel 
& Wixted, 2017). VCID, natural aging, and certain neuropathologies demonstrate similar 
effects on these skills involving executive function and memory systems (Albert et al., 
1999; American Psychological Association, 2003).   
Although SVD has been shown to significantly impair memory and executive 
function, regardless of the presence of clinical diagnosis of dementia, (Harrington et al., 
2000; Moss et al., 1997; Jonak, 2006) attempts to evaluate and understand the molecular 
cascade that leads to cognitive decline can be very difficult due to the confounding 
variables and associations between hypertension, natural aging and neuropathology. 
While age is certainly a factor for development of hypertension () normal aging can also 
involve cognitive impairment in the absence of a diagnosed dementia state as well 
(Moore et al., 2002). Even as early as middle age, nonhuman primates can begin to see 
age related impairments (Moore et al, 2006; Hohama et al., 2011; Waldstein et al., 2005). 
This makes further understanding the contribution of hypertension alone on cognitive 
impairment increasingly difficult in random human sampling. However, neurocognitive 
researchers have been able to bypass this issue with the use of animal models such as the 
rhesus monkey. 
Non-human primates (NHP) such as the rhesus macaque are effective models 




human (Moss et al., 1997) as well as age related cognitive impairments (Moore et al., 
2005). Research with aged rhesus monkeys has also shown that they do not develop 
Alzheimer’s, which allows researchers to study the neuronal effects of hypertension in 
the absence of both age and clinical pathology (Roth et al., 2004). Previous 
neurocognitive research, using aging rodents, do not have that enhanced level of 
comparability that is necessary to understand such complex and intricate systems as those 
involved with aging in the central nervous system of the primate.  
Another advantage of the rhesus monkeys is that they are capable of completing 
cognitive tasks that are similar to the tasks used clinically to assess cognitive impairments 
in humans.  These tests have been developed with an advanced understanding of species 
behavior and (Moss et al., 2007) included tasks such as the Delayed Non-Sample to 
Matching Performance (DNMS), Delayed Recognition Span Test (DRST) and the 
Category Set Shifting Task (CSST).  
The most commonly used task with rhesus monkeys is the DNMS which assesses 
rule learning and visual recognition memory.  Each single trial of the DNMS begins with 
the presentation of item A and the monkey must move the item to retrieve a food reward 
hidden underneath the item. Following this, there is a delay of ten seconds before item A 
and a new item B are presented. The monkey must learn to now chose the previously 
rewarded object in order to receive a food reward. When the subject has correctly chosen 
the previously rewarded item in 90% of 100 trials it is considered to have successfully 




presentation of item A and B is then increased (2, 5, 10 minutes & 24 hours) in order to 
assess memory function.  
The performance on the DNMS task has been shown to decrease following the 
creation of a lesion in very specific neuroanatomcal areas. These include: basal forebrain, 
fornix, hippocampal region with and without the amygdala, as well as the medial dorsal 
thalamic nuclei (Moss et al. 2007) and prefrontal cortex (Moore et al, 2009).  Previous 
research has also shown that that even when controlling for age, hypertension will 
negatively influence performance on DNMS scores ultimately suggesting reduced 
viability of executive function and memory.   
Research that has evaluated the neuroanatomical and physiological basis for 
declining executive function shows changes in white matter integrity (Robinson, 
Abraham, & Rosene, 2018), hypoxia levels (Esiri et al., 1997; Xu & LaManna, 2006), 
and vascular characteristics on a molecular level (Bouras et al., 2006; Farkas et al., 2006; 
Farkas et al., 2009). However, the exact mechanism and cascade by which hypertension 
exerts its influence on executive function is much less understood. While several studies 
have evaluated the effect of hypertension on vascular morphology (Jolly et al., 2013) and 
shown changes associated with the condition (Davis et al., 1983; Lythgoe et al., 1999; 
Kilande et al., 2000; Biagi et al., 2007), the precise molecular basis for this changes 
remains unclear. Preliminary data from our laboratory suggests that the mechanism may 
revolve around vascular properties such as collagen IV density increases in the 




Across all biological systems the role that collagen IV plays is incredibly 
diversified. Often in assessment of angiogenesis and cancer metastasis in reproductive 
organs and the gastrointestinal tract (areas where connective tissue has very high 
concentrations), the characteristics of collagen IV have been vastly studied through 
histological and genetic manipulation techniques. In neural tissue, collagen IV’s role is 
fairly well conserved to serving as an anchoring of endothelial cells through the basement 
membrane. While in other tissues collagen IV may also be expressed in produced by cells 
with different functions, when examining neural tissue collagen IV is almost exclusively 
found protruding from the basement membrane in the extracellular matrix of the 
endothelial cells forming the perimeter of a vessel; this makes it a potential biomarker for 
vessel properties such as size, area, and perimeter length as well.  
The goal of this project was to evaluate the thickness and density of Collagen IV 
in the basement membrane that surround small vessels in the white matter as this is 
thought to be the main target of small vessel disease in humans suffereing from VCID. 
through comparison of collagen IV density, vascular properties, and cognitive testing 
scores in hypertensive and normotensive rhesus monkeys. This study involved 
examining, quantifying, and evaluating collagen IV in white matter tracts associated with 
cognition (e.g.Corpus Callosum and Cingulum Bundle) to determine if  an increased 
density of collagen IV protruding from the basement membrane of a vessel’s endothelial 
cells could be a probable culprit in the molecular cascade resulting in cognitive 
impairment. This was accomplished by demonstrating a difference in collagen IV 




Further evidence will be offered by demonstrating difference between normotensive and 
hypertensive vessel characteristics (average area of vessel, & average perimeter of vessel) 
by region. The relationship between these vessel characteristics and cognitive testing 































The tissue used for analysis was harvested from six male rhesus monkeys ranging 
in age from 18 to 21 years old. All subjects had records including date of birth, weight, 
and health status. Subject were screened for exclusion criteria such as neurologic damage, 
organ transplant, splenectomy, cancer, malnutrition, or prolonged illness. All subjects 
were cared for at Laboratory Animal Science Center at Boston University. All care 
conformed to the standards of National Institutes of Health and the Institute of 
Laboratory Animal Resources Commission on Life Sciences' Guide for the Care and Use 
of Laboratory Animals (Guide for the Care and Use of Laboratory Animals, 1996) 
Three of the subjects were randomly assigned to the hypertensive group. These 
subjects were made to be hypertensive by surgical coartication of the mid-thoracic aorta 
(Moore et al., 2002; for surgical procedure). This procedure resulted in the development 
of hypertension for these subjects. Hypertension was defined as having a systolic blood 
pressure above 150 mm HG. The control group was made up of the remaining three 
subjects which underwent a sham-surgery.  All subjects were individually housed in 
colony rooms where they were close proximity to other subjects for audio and visual 
interaction. All subjects underwent pre-surgical magnetic resonance imaging (MRI) 
testing to ensure a lack of central nervous system damage, infarcts, or stroke.  




 The level and quantification of cognition and cognitive loss in post-operative 
subjects was based off of methods originally developed by Moss et al., 2007 where a 
cognitive impairment index (CII) could be calculated by taking the scores from three 
tasks and converting them into a z-score. In this index the performance of young adults 
served as the reference group. This created a comparable measurement of cognition 
where increasing positive numbers related to increasing impairments and negative 
numbers related to lack of impairments. The scores used to calculate a subjects CII are 
taken for the Delayed Nonmatching to Sample Task (DNMS), Delayed Recognition Span 
Task (DRST), and Conceptual Set Shifting Task (CSST).  On this scale, mild impairment 
is considered as 1.0 to 2.0 standard deviations above the mean score of young adults. This 
study had subjects complete the tasks involved in CII calculation as described in Moss et 
al. 2007 to quantify the level of cognitive impairment between normotensive and 
hypertensive groups.  
Tissue Collection & Perfusion  
 In a time span of 24 to 36 months after surgery, the subjects were deeply sedated 
with ketamine and anesthetized with sodium pentobarbital. Body weight and blood 
pressure (via cuff sphygmomanometer) were collected. Subjects where then sacrificed 
following a lethal dose of sodium pentobarbital and exsanguination during transcardial 
perfusion with cold Krebs (pH 7.4). Brains were blocked in situ and removed before 
being frozen in -70 ºC in isopentane. Time between beginning of anoxia and freezing of 




being sectioned on a cryostat at -20 ºC.  Each slice of tissue was cut to be 30μm-thick and 
then stored in -20 ºC until being stained for. 
Immunohistochemical staining for Collagen IV  
 The staining for collagen IV proteins followed standard and published techniques 
described and carried out in Farris, 2012. One quarter series of tissue was retrieved from 
freezers and allowed to thaw overnight before being washed in potassium phosphate 
buffered saline (0.05M, pH 7.4) for a total of fifteen minutes The tissue was then 
transferred to a 50% ethanol solution for 30 minutes before being washed again in the 
same molar and pH potassium phosphate buffered saline solution for another fifteen 
minutes. Following this second wash, tissue was placed in 37 ºC distilled water for 5 
minutes before being moved into a 0.2 N-hydrochloric acid solution with 1 mg/ml of 
pepsin at 37 ºC for 10 minutes. The sections were then promptly washed with potassium 
phosphate buffered saline as done previously except now for a total of 60 minutes (six 
times for 10 minutes). Following this third wash, the tissue was left at 4ºC for 48 hours in 
a primary antibody solution containing monoclonal anti-type IV collagen antibody 
(Monoclonal Anti-Collagen Type IV, Clone COL-94, Catalog Number C1926, Sigma-
Aldrich, St. Louis, MO) at a ratio of 1:10,000 in potassium phosphate buffered saline.  
 After the 48-hour incubation period, tissue was then washed again in potassium 
phosphate buffered saline (6 times for a total of 60 minutes) before being incubated in a 
solution including biotinylated goat anti-mouse IgG antibody (Catalog Number BA-9200, 
Vector Laboratories, Burlingame, CA). The secondary antibody was held at a ratio of 




incubation period, the tissue was then rinsed with potassium phosphate buffered saline, 
followed immediately by an incubation period of avidin/biotinylated peroxidase complex 
(VECTASTAIN Elite ABC Kit (Universal), Catalog Number PK-6100, Vector 
Laboratories, Burlingame, CA).  Tissue was then washed in potassium phosphate 
buffered saline three times for five minutes each. Following, tissue was placed in a 
nickel-DAB chromogen solution. This solution contained 75g of Nickel (II) sulfate, 600 
mg 3,3’-diaminobenzidine, and 2.5 ml of 3% hydrogen peroxide in 0.175 M sodium 
acetate. The tissue was allowed to sit in this solution for 20 minutes before being pulled 
out and washed again in potassium phosphate buffered saline solution.  The tissue was 
then stored at 4 ºC in buffered saline solution until having been mounted on gelatin 
subbed slides.  
Thionin Counterstaining   
 Once the sections of mounted tissue had completely dried, the tissue was counter 
stained with thionin. Slides were placed in 50% absolute ethanol /50% chloroform for 3 
hours before being hydrated via decreasing concentrations of alcohols and counter 
stained with thionin (0.05%, pH 4.8). The slides were then dehydrated via increasing 
concentrations of alcohol before being allowed to sit in a xylene bath for 20 minutes. 
Finally, all slides were coverslipped with permount.  
Imagining Analysis of Stained Slides & Statistical Analysis  
 Analysis of chromogen stain was analyzed at 40x  using a motorized stage. The 
software used to analyze and collect data was Nikon’s Nis-Elements, which is routinely 




measurements of both a vessel’s area and the length of the vessel’s perimeter were 
measured in the Corpus Callosum and the Anterior Cingulum Bundle. For each vessel 
measured, the density of collagen IV surrounding the vessel would also be measured 
using the same tool set built into the software. Each subject had approximately the same 
number of tissue slices counted. As to eliminate inaccurate counting, blood vessels which 
did not run perpendicular to the plane of view were not counted. This was to ensure the 
measurement validity in both blood vessel properties & associated collagen IV 
measurements.  Once all data was collected for both regions, data was imported into 
SPSS for statistical analysis to determine any effect of the main condition and to 
determine any relationships that may be correlated. SPSS was also used to make all 








 As mentioned previously, the data were collected and recorded in Nikon Nis-
Elements before being exported into SPSS for statistical analysis and testing. All 
measurements of blood pressure come from a cuff sphygmomanometer taken at the time 
of perfusion. In calculations relating to blood pressure, one subject was omitted from 
statistical testing due to issues collecting an accurate blood pressure at time of perfusion. 
Measures were analyzed by collected region (Corpus Callosum or Cingulum Bundle) and 
analyzed between conditions. Once these differences were calculated, the relationship 
between the measures within a given region and subject were tested to demonstrate 
correlations.    
Effects of Hypertension in the Corpus Callosum 
The difference in the density of collagen IV in the basement membrane was 
evaluated from independent sample t-tests for normotensive and hypertensive. It was 
observed that hypertensive brains had statistically significant (t(281)=7.47, p=0.00) 












Figure 1.  Demonstrating the difference of the average collagen IV density 
(measured as thickness of collagen IV protruding from the basement membrane of 
endothelial cells into the extracellular matrix) in the Corpus Callosum between 
normotensive and hypertensive groups. This difference was found to be significant 
(t(281)=7.47, p=0.00).   
 
The difference in the size of the measured blood vessels was evaluated between 
normotensive and hypertensive with an independent samples t-test. This indicates no 
statistical significance between samples (t(289)=0.003, p=0.99).  
 The difference in blood vessel perimeter between the normotensive group and the 
hypertensive group was evaluated with an independent samples t-test. The difference 







Figure 2. Demonstrating the trending difference of average vessel perimeter length in the 
Corpus Callosum between normotensive and hypertensive groups. Measurements were 
collected by tracing outline of vessels with Nis-Elements Live Imaging Software. 
(t(289)=1.63, p=0.10).  
 
Relationships of Collagen IV length in Corpus Callosum 
The relationship between a subject’s average collagen IV length in the basement 
membrane of endothelial cells in the corpus callosum and the subject’s blood pressure at 
profusion was evaluated using Pearson’s coefficient. One subject was omitted from this 
score to issues during the recording of the blood pressure during perfusion. The 




significant, it can be considered strongly trending, indicating slight positive correlation 
between average collagen density and blood pressure.  
 
Figure 3. Demonstrating the positive trending relationship between increased 
Blood Pressure at time of Perfusion and an increase in average collagen IV density 
(measured as thickness of collagen IV protruding from the basement membrane of 
endothelial cells into the extracellular matrix) of blood vessels in the corpus callosum 
(r(5)=0.784, p=0.11). 
  
Similarly, the relationship between a subject’s average collagen IV length in the 
basement membrane of endothelial cells in the corpus callosum and the subject’s CII was 
evaluated using Pearson’s coefficient. The relationship was not significant (r(5)=0.59 
p=0.10). While not significant this relationship can be looked at as strongly trending, 






Figure 4. Demonstrating the positive trending relationship (r(5)=0.59 p=0.10) 
between an increase average collagen IV density (measured as thickness of collagen IV 
protruding from the basement membrane of endothelial cells into the extracellular matrix) 
in the Corpus Callosum and an increase in a subject’s CII scores. 
 
 The relationship between a subject’s average collagen IV length in the 
basement membrane of endothelial cells and the average size of a blood vessel (measured 
by total area of vessel in cross section) in the Corpus Callosum was not significant 
(r(6)=0.44, p=0.19).  
 
Relationships of Blood pressure in Corpus Callosum   
The relationship between a subject’s blood pressure at perfusion and average 
vessel perimeter in the corpus callosum was evaluated using Pearson’s coefficient. The 




 Likewise, the relationship between a subject’s blood pressure at perfusion and 
average size of a blood vessel in the corpus callosum was evaluated using Pearson’s 
coefficient. This was found not to be significant (r(5)=0.33, p=0.29).  
Relationships of CII to vascular properties in the Corpus Callosum  
The relationship between a subject’s CII score and average vessel area and 
perimeter in the corpus callosum was also evaluated. The relationship between CII and 
average vessel size was not significant (r(6)=-0.153, p=0.39) nor was the relationship 
between CII and vessel perimeter (r(6)=0.20, p=0.35).    
Effects of Hypertension in the Cingulum Bundle  
 The difference in the density of Collagen IV in the basement membrane of 
endothelial cells in the Cingulum Bundle for normotensive and hypertensive groups was 
evaluated using an independent samples t-test. The difference between groups was not 





Figure 5. Demonstrating trending difference between average collagen IV density 
(measured as thickness of collagen IV protruding from the basement membrane of 
endothelial cells into the extracellular matrix) of vessels in in the Cingulum Bundle 
between conditions (t(298)=2.48, p=0.14). 
  
The difference in the average perimeter length of a blood vessel in the Cingulum 
Bundle for normotensive and hypertensive groups was also evaluated. The difference 
between groups was found not to be significant (t(299)=1.26, p=0.20). 
 The difference in the average size of a blood vessel in the Cingulum Bundle for 
normotensive and hypertensive groups was also evaluated. The difference between 




trending, with slight negative correlation between normo/hypertensive and average vessel 
size.  
 
Figure 6. Demonstrating the trending difference in average vessel size in the Cingulum 
Bundle between conditions with 95% CI (t(299)=1.72, p=0.09).  
 
Relationships of Collagen IV length in the Cingulum Bundle 
The relationship between a subject’s average collagen IV length in the basement 
membrane of endothelial cells in the Cingulum Bundle and the subject’s blood pressure 
at profusion was evaluated using Pearson’s coefficient. This relationship was found to be 
significant (r(5)=0.90, p=0.02), indicating positive correlation between blood pressure at 





Figure 7. Demonstrating the significant relationship between the subject’s blood 
pressure at the time of perfusion and the average collagen IV density (measured as 
thickness of collagen IV protruding from the basement membrane of endothelial cells 
into the extracellular matrix) of blood vessels in the cingulum bundle 
  
The relationship between a subject’s average collagen IV length in the basement 
membrane of endothelial cells in the Cingulum Bundle and the subject’s CII was 
evaluated using Pearson’s coefficient. The relationship was not significant (r(5)=0.58 
p=0.11). While not significant this relationship can be looked at as strongly trending, 





Figure 8. Demonstrating the positively trending relationship between average collagen 
IV density (measured as thickness of collagen IV protruding from the basement 
membrane of endothelial cells into the extracellular matrix) of blood vessels in the 
Cingulum Bundle and a subject’s CII scores 
   
The relationship between a subject’s average collagen IV length in the basement 
membrane of endothelial cells and the average size of a blood vessel (measured by total 
area of vessel in cross section) in the Corpus Callosum was found to be significant 
(r(6)=0.73, p=0.05   
Relationships of Blood Pressure in the Cingulum Bundle  
The relationship between a subject’s blood pressure at perfusion and average 
vessel perimeter in the Cingulum Bundle was evaluated using Pearson’s coefficient. The 




 Likewise, the relationship between a subject’s blood pressure at perfusion and 
average size of a blood vessel in the Cingulum Bundle was evaluated. This was found to 
be not significant as well (r(5)=0.45, p=0.23).  
Relationships of CII to vascular properties in the Cingulum Bundle   
The relationship between a subject’s CII score and average vessel area and 
perimeter in the Cingulum Bundle was also evaluated. The relationship between CII and 
average vessel size was not significant (r(6)=-0.05, p=0.47) nor was the relationship 







Summary of Results 
 From previous research in our laboratory, we have seen that hypertension can 
impair cognitive function in a rhesus monkey aging model.  While the researchers were 
able to hypothesize that collagen IV played a role in the molecular cascade that affected 
cognition, there was little concrete evidence to show that it definitively was involved.  
The results of this study demonstrate that collagen IV is implicated in VCID by showing 
significant differences in the density of collagen IV around blood vessels in the Corpus 
Callosum between normotensive and hypertensive groups. Similarly, in the Cingulum 
Bundle when looking at the density of collagen IV around blood vessels we find a 
trending difference between groups. Both this significant difference in the CC and the 
trending difference in the CB indicate that hypertensive animals having a larger density 
of collagen IV around their blood vessels. When measured and analyzed, neither average 
vessel perimeter length nor average vessel size produced significant nor trending 
difference in both the CC & the CB.  While the CB saw a trending difference between 
average vessel size between conditions and the CC saw a trending difference between 
average vessel perimeter between conditions, both of these were trending in the opposite 
directions of the research hypothesis implicating collagen IV in hypertension.  
 Perhaps the clearest piece of evidence supporting the hypothesis is the 
relationships between CII, blood pressure at time of perfusion, and average collagen IV 




expected to be related to CII nor blood pressure levels in areas associated with cognitive 
abilities. However, there are in fact trending/significant relationships in both areas 
between collagen IV density and blood pressure/CII scores. These results begin to show a 
cascade in which rises in blood pressure through hypertension are followed by increased 
thickening of the densities of collagen IV of endothelial cells in cognition associated 
white matter tracts. As these densities grow thicker and increase, the level of cognitive 
impairment also increases (as shown by increasing CII scores).   
Related Literature  
 While there seems to be some controversy involving the inclusion of lacunar 
stroke studies of VCID, it, along with white matter injuries, are undoubtedly two of the 
most detrimental final outcomes of SVD. In evaluating these, Rosenberg (2017) suggests 
that hypertension may actually negatively influence astrocytic communication with blood 
vessels creating microbleeds and increasing inflammation into the extracellular matrix. 
Thereby creating a positive feedback loop promoting eventual ischemia. However, while 
this idea offers a logically step in a molecular cascade ending with cognitive decline, it 
fails to assess the initial step in its theory by which these astrocytes are originally affected 
by hypertension. In combination with the hypothesis and results from this study, it seems 
logical that increasing amounts of collagen IV protruding from the basement membrane 
of endothelial cells into the extracellular matrix may impact neighboring astrocytic 




 Furthermore, the idea of astrocytic influence in development of impairment was 
evaluated in the hyperhomocysteinemia (HHcy) model of VCID in mice. Here, this 
model of VCID was shown to influence morphology of astrocytes (Suddeth et al., 2013) 
as well as alter astrocytic end foot interaction with parenchymal blood vessels 
demonstrated by changes in aquaporin 4 water channel (AQP4), a gliovascular mediating 
protein (Suddeth et al., 2017). Like the previously mentioned study, this study once again 
implicates astrocytes while failing to show or determine how and why they were 
impacted by prolonged increases in blood pressure. These studies in combination with 
this research project offers a compelling story of molecular cascades that create 
impairment.  
Technical Limitations & Concerns 
 A number of trends where found in this study between variables and even across 
conditions, a larger sample size may allow for a better understanding and evaluation of 
the true difference or relationship between those. Similarly, the lack of grey matter or 
subcortical effect from hypertension leaves questions about areas subjected to increased 
collagen IV densities. Without any data from grey matter or subcortical areas there is no 
way whether to assess the localized or global influence on collagen IV in areas promoting 
executive function.  
Future Directions  
 Further evaluation of collagen IV as a factor in cognitive impairment could look 




furthermore link collagen IV to neuroanatomical change and injury between 
normotensive and hypertensive groups. Similarly, by using iron as a biomarker for 
microbleeds and evaluating the difference of microbleeds in high collagen IV density 
groups and low collagen IV density groups evidence which furthermore implicates 
collagen IV could be offered.  Finally, markers for oxidative stress could be used to 
evaluate stress between high & low collagen IV densities to determine more immediate 
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